Purpose: Esophageal cancer is a major cause of cancer-related mortality worldwide. The long noncoding RNA LINC00152 has been confirmed to play an oncogenic role in many cancers. However, the expression pattern and function of LINC00152 in human esophageal squamous cell carcinoma (ESCC) remain unclear. Materials and methods: We evaluated LINC00152 expression in ESCC by qPCR and in situ hybridization. Proliferation, apoptosis, cell cycle, migration and invasion were examined in ESCC cells knocked down for LINC00152 knockdown by siRNA. Furthermore, an mRNA microarray was performed in ESCC cells with LINC00152 knockdown. Results: LINC00152 was significantly upregulated in human ESCC clinical samples (P<0.001) and cell lines (P=0.008), and LINC00152 overexpression was related to lymphatic metastasis (P=0.03) and advanced pTNM classification (P=0.005). Furthermore, ESCC patients with LINC00152 overexpression had significantly shorter overall survival (P=0.007), and LINC00152 overexpression was an independent risk factor for overall survival of ESCC patients. LINC00152 knockdown inhibited the proliferation, migration and invasion of ESCC cells in vitro. In addition, mechanistic investigations through mRNA array and immunoblot analyses demonstrated that LINC00152 regulated the expression of several cell cycle-related proteins and SNARE (soluble N-ethylmaleimide-sensitive factor attachment protein receptors) interactions in vesicular transport pathway proteins. Conclusion: Our research indicated that LINC00152 exhibits oncogenic functions in ESCC and may represent a potential new target for ESCC therapy.
Introduction
Esophageal carcinoma is the seventh most common cancer worldwide, with approximately 509,000 deaths cases per year. 1 Esophageal squamous cell carcinoma (ESCC)
is the predominant type of esophageal cancer and comprises 90% of all esophageal cancer cases. In recent years, ESCC incidence has risen by 0.6% annually, particularly in men. 2 Despite progress in medical and surgical treatments, most ESCC patients are diagnosed at advanced stage, leading to poor prognosis. 3 According to the global surveillance of trends in cancer survival 2000-2014 (CONCORD-3), the 5-year survival rate of ESCC is 22-30% in China. 4 Currently, the mechanism underlying esophageal cancer development remains unclear, resulting in limited clinical approaches for the early diagnosis and therapy of ESCC.
Protein-encoding genes account for only approximately 2% of genome, while noncoding genes account for the other 98% of genome, which was once thought to be transcriptional "noise". 5 In recent years, with the development of genomics, a large amount of evidence has shown that noncoding RNAs may play an important role in diseases. For example, several long noncoding RNAs, RNAs between 200 and 100,000 nucleotides, 6 have shown significant roles in tumorigenesis and development, such as MALAT1, HOTAIR and TUG1. 7 Long intergenic noncoding RNA 152 (LINC00152), an 828 bp lncRNA located at chromosome 2p11.2, was first discovered in hepatocellular carcinoma. 8 LINC00152 has
since been shown to function in the progression of many cancers, including gastric cancer, lung adenocarcinoma, tongue squamous cell carcinoma, gallbladder cancer and renal cell carcinoma. [9] [10] [11] However, the expression and biological roles of LINC00152 in the development of ESCC remains unclear. Herein, we examined the expression level of LINC00152 in ESCC tissues and analyzed its correlation with clinicopathological features and outcome. We also investigated the biological function and molecular mechanisms of LINC00152 in ESCC. Our results demonstrate that upregulation of LINC00152 promotes tumorigenesis of ESCC and suggest LINC00152 as an effective target for ESCC therapy.
Materials and methods

Patients and tissue specimens
This study was approved by the Ethics Committee of The First Affiliated Hospital of Wenzhou Medical University and was conducted in accordance with the Declaration of Helsinki. A total of 69 histologically diagnosed ESCC tissue samples and corresponding paracancerous normal tissues were obtained from patients who underwent surgery in the Department of Thoracic Surgery between 2014 and 2015. Paracancerous normal tissues were defined as normal mucosa tissue more than 5 cm away from the edge of cancer. None of the included patients had received any preoperative therapy. The tissues were collected immediately after surgical resection and stored at −80ºC until analysis. All patients provided written informed consent. The clinical and pathological characteristics for each patient were also collected.
Cell culture
The human esophageal carcinoma cell lines used in this study (TE1, TE13, ECA109 and KYSE-410) were obtained from the First Affiliated Hospital of Nanjing Medical University, and the human esophageal epithelial normal cell line (HEEC) was purchased from the laboratories of ScienCell Research (San Diego,Los Angeles, USA). All cell lines used in this study were approved by the Ethics Committee of The First Affiliated Hospital of Wenzhou Medical University. Three cell lines (TE1, TE13 and KYSE-410) were cultured in DMEM high glucose medium (Kaiji, China) containing 10% FBS. The ECA109 and HEEC cell lines were cultured in 1640 medium (Kaiji) containing 10% FBS. Cells were maintained in a 37ºC incubator containing 5% CO 2 .
RNA extraction, qRT-PCR and microarray hybridization
Total RNA was isolated from tissues and cells using TriZol (Life Technologies, Scotland, UK) following the manufacturer's protocol. RNA (1.5 μg) was reverse transcribed using PrimeScript RT Master Mix (Takara, Osak , Japan). qRT-PCR was conducted using the SYBR Select Master Mix (Applied Biosystems, CA, USA) on the ABI7300 system (Applied Biosystems). Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) mRNA was used as an internal standard for normalization. The PCR primer sequences are shown in Table S1 . The 2 −ΔΔCt method was used to calculate the relative mRNA expression levels.
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All samples were analyzed in triplicate. For the microarray, the processes of labeling, hybridization and scanning were carried out at CapitalBio Corporation (Beijing, China).
In situ hybridization (ISH)
The esophageal tissue microarray containing 105 cases of ESCC tissue was purchased from Outbo Biotech Co. Ltd (Shanghai, China). The sequence of the LINC00152 ISH probe (Outbo Biotech Co. Ltd.) was ATTAAGACAC-ATAGAGACTGGCCA. The RNAscope 2.0 HD-Brown Manual Assay kit was used for ISH according to the manufacturer's instructions (Advanced Cell Diagnostics, Newark, CA, USA). The staining results were visualized using the Dako EnVision FLEX detection system (Dako, Carpinteria, CA, USA). The LINC00152 expression level was scored according to staining intensity and positive staining as follows: the staining intensity score: 0 point (negative), 1 point (+), 2 points (+ +), 3 points (+++); and positive staining rate score: 0 point (negative), 1 point (1-25%), 2 points (26-50%), 3 points (51-75%), 4 points (76-100%). The total score was calculated as the staining intensity score multiplied by the positive staining rate score. 
Cell proliferation assays
Apoptosis and cell cycle analysis
For apoptosis evaluation, cells were harvested after transfection and then stained with the Annexin V-FITC/PI apoptosis detection kit (BD Biosciences) according to the manufacturer's instructions. For cell cycle analysis, the cells were stained with propidium oxide (CycleTEST PLUS DNA Reagent Kit, BD Biosciences). Flow cytometry analysis of cells was performed by FACScan (BD Biosciences).
Western blot
Western blot assay was carried out as previously described. 
Statistical analysis
All statistical analyses involving Student's test, Spearman test, and one-way ANOVA were performed using the SPSS software package (version 20.0, SPSS Inc.). Overall survival (OS) curves were analyzed using the Kaplan-Meier method and survival differences were evaluated by logrank test. The significance of survival variables was evaluated by the Cox multivariate proportional hazards model. All P-values were two-sided, and a P-value less than 0.05 was considered statistically significant.
Results
LINC00152 is significantly overexpressed in ESCC
We first identified an ESCC tissue microarray from GEO DataSets (ID: GSE53624), 14 in which the lncRNA expression profile was determined in tumor and corresponding paracancerous normal tissues from 119 ESCC patients. The results showed that LINC00152 was significantly overexpressed in ESCC tissues compared with paracancerous tissues ( Figure 1A , P<0.001). 
LINC00152 overexpression is associated with clinicopathological characteristics and predicts poor prognosis of ESCC patients
We further evaluated LINC00152 expression in the microarray containing 105 cases of ESCC tissue using ISH and scored the samples as described in Methods. Based on the total score, the samples were divided into the low LINC00152 expression group (total score <4, n=19, Figure 2A and C) and high LINC00152 expression group (total score ≥4, N=86, Figure 2B and D). High expression of LINC00152 was closely associated with N stage (P=0.03) and advanced TNM stage (P=0.005) ( Table 1) . Furthermore, Kaplan-Meier analysis demonstrated that ESCC patients in the high LINC00152 expression group had a significantly shorter OS compared with patients in the low LINC00152 expression group (P=0.007, Figure 2E ).
Univariate Cox regression analyses indicated that LINC00152 expression, sex, p53, T, N and TNM stage were significantly correlated with OS of ESCC patients. Furthermore, multivariate Cox regression analysis showed that LINC00152 overexpression was an independent risk factor for OS of ESCC patients (Table 2 ).
LINC00152 promotes proliferation and regulates the cell cycle of ESCC cells
To examine the function of LINC00152 in ESCC, we first evaluated LINC00152 expression in four human ESCC cell lines, TE13, TE1, ECA-109, KYSE-410 and a HEEC by qPCR. LINC00152 expression was upregulated in TE1, Figure 3A) .
To investigate the biological function of LINC00152, we used two siRNAs to knock down its expression in TE13 and TE1 ESCC cell lines. We confirmed downregulation of LINC00152 by qRT-PCR after transfection and found that siRNA1 showed a better silencing efficiency ( Figure 3B ). We next examined the role of LINC00152 in the proliferation ability of ESCC cells by performing CCK-8 assays in TE13 and TE1 cells transfected with siRNA1 for 24 hrs. The results showed that downregulation of LINC00152 inhibited cell proliferation of ESCC cells compared with controls ( Figure 3C ). Evaluation of cell proliferation using the xCELLigence assay showed similar results ( Figure 3D) .
We also evaluated cell cycle distribution in ESCC cells downregulated for LINC00152 and found that both TE1 and TE13 cells with LINC00152 knockdown showed an S phase arrest ( Figure 4A ). However, silencing LINC00152 had no impact on the apoptosis of ESCC cells ( Figure 4B ).
LINC00152 promotes the invasion and migration of ESCC cells
We next investigated the role of LINC00152 in ESCC cell migration and invasion. Transwell assay showed that transfection of ESCC cells with siRNA targeting LINC00152 significantly inhibited cell migration compared with cells transfected with NC siRNA ( Figure 5A ). In addition, Matrigel assay revealed that the invasion of ESCC cells was inhibited by LINC00152 knockdown compared with NC cells ( Figure 5B ). Taken together, these results demonstrated that LINC00152 may promote migration and invasion of ESCC cells.
Initial exploration of the oncogenic mechanism of LINC00152
Our results thus far indicate that LINC00152 may promote the proliferation, migration and invasion of ESCC cells, indicating it exhibits oncogenic functions. To uncover the potential oncogenic mechanism of LINC00152, we performed mRNA array analysis in LINC00152 knockdown ESCC cells compared with controls and analyzed the results by Gene Set Enrichment Analysis (GSEA). The differentially expressed genes in ESCC cells with LINC00152 knockdown were enriched in the cell cycle pathway and the SNARE interactions in vesicular transport pathway ( Figure 6A ). Among genes with a differential expression of >2.5-fold, we selected two cell cycle-related genes (MAD2L1, CDK6) and two SNARE interactions in vesicular transport-related genes (STX3, STX12) for further analysis. Western blot analysis indicated that LINC00152 knockdown significantly increased protein levels of MAD2L1, CDK6 and STX3, while STX12 level was decreased compared with negative controls ( Figure 6B ).
Discussion
In recent years, the roles and mechanisms of lncRNAs in tumorigenesis and development have attracted more and more attention of researchers in the ESCC field. Multiple studies have shown that lncRNAs are involved in the progression of ESCC. 15 LINC00152 promoted the proliferation, invasion and migration of ESCC cells in vitro. These results suggested that LINC00152 plays an important role in ESCC metastasis and may serve as a diagnostic and prognostic factor for patients with ESCC. A previous study reported that the circulating levels of LINC00152 were correlated with poor prognosis of ESCC patients and revealed that LINC00152 may be a potential target for early occurrence of ESCC. 21 Gallbladder cancer with LINC00152 overexpression was inclined to have advanced TNM stage. 22 A similar conclusion was demonstrated in gastric cancer 23 and renal cell carcinoma. 24 These studies are consistent with our results in ESCC. The tumor pathogenesis process involves a complex gene regulation network. Although lncRNAs lack proteincoding capacity, they play critical roles in gene regulation via direct or indirect mechanisms. 25, 26 To elucidate the oncogenic mechanism of LINC00152, we conducted microarray and bioinformatics analyses. GSEA showed that differentially expressed genes in LINC00152 knockdown ESCC cells were associated with the cell cycle (such as MAD2L1 and CDK6) and the SNARE interactions in vesicular transport pathway (STX3 and STX12), which was validated by Western blotting. Notably, our flow cytometric analysis showed that ESCC cells knocked down for LINC00152 showed an S phase arrest, indicating LINC00152 might promote the proliferation of ECSS cells via regulating the cell cycle, which was consistent with the GSEA results.
The chief function of SNARE is the mediation of vesicle fusion. Multiple studies showed that the vesicular transport pathway functions in various aspects of cancer progression, such as angiogenesis, cell proliferation, cell metastasis and cell migration. 27, 28 Kean et al reported that STX12 promoted cell invasion by regulating the secretion of matrix metalloproteinases, thus degrading the extracellular matrix.
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STX3 also functions as a transcriptional regulator. Breast cancer patients with STX3 overexpression had advanced TNM stage and shorter overall and disease-free survival compared with patients with low STX3 expression. 30 STX3 also promoted the proliferation of breast cancer cells by increasing activation of Akt-mTOR signaling. 31 All these results indicated that LINC00152 may regulate the expression of genes involved in the cell cycle pathway and the SNARE interactions in vesicular transport pathway to promote migration, invasion and migration of ESCC. LINC00152 may also be involved in the progression of ESCC through other mechanisms. For example, LINC00152 may act as a competing endogenous RNA to confer oxaliplatin resistance, leading to poor prognosis in colon cancer. 11 In the progression of lung adenocarcinoma, LINC00152 inhibits the expression of IL24 by binding to EZH2. 32 In addition, Ming et al found that LINC00152 could promote colon cancer epithelialmesenchymal transition and metastasis by forming a positive feedforward loop between LINC00152 and Wnt/β-catenin signaling. 33 In gastric cancer, LINC00152 also promotes tumor cell cycle progression by binding to EZH2 and repressing p15 and p21. 20 Further studies are required to determine the specific mechanisms that underlie the functions of LINC00152 in regulating the biological behavior of ESCC cells.
In conclusion, here we found that LINC00152 was closely associated with TNM stage and metastasis of ESCC. We also demonstrated functions for LINC00152 in promoting proliferation, invasion and migration of ESCC in vitro. The underlying mechanisms may involve MAD2L1 and CDK6 cell cycle proteins and STX3 and STX12 SNARE interactions in vesicular transport pathway proteins. 
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